Ruptured abdominal aortic aneurysms:
Factors affecting mortality rates
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Outcome of 113 operations for ruptured abdominal aortic aneurysms were reviewed to
determine the contribution of perioperative events to mortality rates. Preoperative,
intraoperative, and postoperative factors were examined with regard to their influence on
early and late deaths. A mortality rate of 64% (72/113) was unrelated to age, gender, and
preexistent medical conditions. Death within 48 hours occurred in 42 of 72 patients
(58%). Preoperative status, including cardiac arrest, loss of consciousness, and acidosis
influenced early deaths (<48 hours) but not late deaths. Early deaths were also influenced
by severe operative hypotension and excessive transfusion requirements. Late deaths (>48
hours) occurred in 30/72 cases (42%) at a mean of 24.6 = 22.9 days. Late death was
related to postoperative organ system failure, specifically renal and respiratory failure, and
the need for reoperation. The overall mortality rate was influenced by preoperative,
intraoperative, and postoperative factors. Postoperative renal failure was the strongest
predictor of overall deaths. Survival after ruptured abdominal aortic aneurysm depends on
intraoperative and postoperative complications as well as preoperative conditions. Late
death, the greatest strain on resources, is independent of preoperative status. The thesis
that some patients with ruptured abdominal aortic aneurysm should be denied operation
to conserve resources is not supported by these data. Efforts to improve survival should
focus on reducing intraoperative complications and improving management of postop-
erative organ failure. (J VASC SURG 1991;14:812-20.)

Deaths from elective abdominal aortic aneurysm
(AAA) repair have been dramatically reduced since
the initial repairs by Dubost et al.' and Gaylis and
Kessler®* in 1951; however, aneurysmectomy for
ruptured aneurysms continues to be associated with
high mortality rates in the 50% to 70% range. If
prehospital deaths are considered, the mortality rate
rises to greater than 80%.%*

Despite the increase in numbers of elective AAA
repair, the number of patients with ruptured ab-
dominal aortic aneurysm (RAAA) has not been
significantly reduced.*®” The persistent high mor-
tality rates after rupture and emergency repair have
led to the assumption that the patient’s preoperative
condition may predetermine his survival. In turn
this has led some authors to suggest that subgroups
of patients might be excluded from operative con-
sideration based on excessive operative mortality
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rates associated with certain preoperative charac-
teristics. The ethical implications of this are pro-
found. Before accepting such a position we sought
to define the relative importance of preoperative
patient status, intraoperative events, and postoper-
ative complications on mortality rates. Although
most studies cvaluate operative and postoperative
mortality rates separately, rarely is a distinction
made between early and late postoperative death.
Since a prolonged postoperative course with even-
tual death has the greatest negative economic im-
pact, we believed that looking at early and late death
separately would be important. The questions asked
in this study were four: (1) What are the factors
associated with excessive morbidity and mortality
rates after surgery for ruptured AAA. (2) What are
the relative contributions of preoperative, intraop-
erative, and postoperative complications to overall
morbidity and mortality rates from RAAA? (3)
How to determine whether nonoperative manage-
ment of some patients could be justified based on
their preoperative condition. (4) What savings in
resources might result from such a policy? We
hoped that answering these questions would help
determine whether or not the premise that some
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patients can be denied operation based on a protocol
could be supported.

METHODS

A retrospective study was performed including all
patients with infrarenal RAAA at two of the teaching
hospitals of SUNY at Buffalo between 1980 and
1989. Expanding or symptomatic aneurysms that
had not ruptured were excluded. Charts were re-
viewed with regard to the patient’s preoperative
status, status on arrival in the emergency department,
and intraoperative and postoperative complications.
Preexisting medical conditions evaluated included
the following: a history of cardiac, pulmonary, renal,
or vascular diseases, obesity, previous abdominal
surgery, and the known presence of an AAA. Length
of time from onset of symptoms to arrival in the
hospital, and time to operation were recorded. Data
gathered on hospital arrival included vital signs,
hemoglobin, arterial blood gases, electrolytes, neu-
rologic condition, and the presence of a preoperative
cardiac arrest. After operation, data were gathered on
the occurrence of renal, respiratory, cardiac, and
neurologic complications, lower extremity ischemia,
bowel ischemia, and the need for reoperation. Length
of stay in the intensive care unit (ICU), duration of
ventilatory support, and intraoperative and postop-
erative transfusion requirements were recorded.

Multivariate statistical analysis with logistic re-
gression was performed. Chi square and one-way
analysis of variance (ANOVA) were also used, as
appropriate, to correlate overall, early, and late deaths
with examined factors.

Postoperative deaths appeared to occur in a
bimodal distribution, either early after operation or 1
or more weeks after operation. Therefore for the
purpose of analysis, death was defined as early, within
48 hours of operation, including operative deaths;
and defined as late, greater than 48 hours after
operation. Patients who died before operation or in
whom permission for operation was denied were
excluded from the statistical analysis. All patients not
operated on died.

Renal failure was defined as serum creatinine
> 3.0 mg/dl. Tt was further subdivided into anuric,
<100 ml/24 hours; oliguric, 100 to 600 ml/24
hours; and high output, >600 ml/24 hours. Respi-
ratory failure was defined as greater than 7 days of
ventilatory support, pneumonia, adult respiratory
distress syndrome, or the need for tracheostomy.
Cardiac failure included myocardial infarction and
cardiogenic shock. Neurologic complications in-
cluded cerebrovascular accident and spinal cord
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Table I. Demographics

Characteristic Total Nonsurvivors Survivors
Age 72.8 = 8.1 732 = 8.0 72.2 = 8.0
(50-89)
Gender Male 93 Male 61 Male 32
Female 20 Female 11 Female 9
Preexisting medi-
cal conditions
Pulmonary 50 29 21
Cardiac 53 31 22
Peripheral vas- 22 16 6
cular
Hypertension 57 36 21
Diabetes mel- 7 3 4
litus
Cerebrovascular 17 12 5
Obesity 17 10 7
Previous ab- 34 24 10
dominal
surgery

ischemia. Occurrence of lower extremity ischemia
and bowel ischemia was identified by the need for
operative intervention.

RESULTS

One hundred twenty-six patients were admitted
with infrarenal RAAA. Thirteen patients did not
undergo operative intervention because of the wishes
of the patient’s family, leaving 113 patients for
analysis. Patients who were not operated on were
generally older than the group operated on; however,
no one was denied operation based on age. Demo-
graphics of the population are listed in Table I.

Age ranged from 50 to 89 years. Sixteen of the 26
patients over 80 years old died (62%), and 57 of the
87 patients less than 80 years old died (66%).

Twenty-six patients died in the operating room,
and 87 survived operation. Forty-six of these 87
patients died after operation, and 20 survived but had
major complications. Only 25 patients (29%) had no
postoperative problems. No primary aortoenteric
fistula was identified in this population.

Six patients were incorrectly diagnosed and sus-
tained delays in time to operation. Incorrect diag-
noses included myocardial infarction, renal calculi,
pyelonephritis, and diverticulitis. Delays ranged from
13 hours to 9 days. Three of the six patients died.

The length of time from onset of symptoms to
arrival in the emergency department ranged from 2
hours to 4 weeks. Time from hospital admission to
operation ranged from 0 minutes to 9 days, with a
mean of 5.2 hours. Fifty-four percent of patients
were operated on within 2 hours of arrival. Length of
time from onset of symptoms to admission or to
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Table II. Preoperative
patient characteristics

Characteristic Total Nonsurvivors Survivors
Arrival SBP 101.2 + 46 985 = 51 105.7 = 38
Cardiac arrest 21 20 1
Loss of con- 29 26 2

sciousness
Acidosis pH 7.3 49 37 10
OR Hypotension 34 30 4

SBP 80
Transfusion 14.0 = 9 158 + 8.9 12.0 + 9.1

PRBC/24 hours

OR, Intraoperative; SBP, systolic blood pressure; PRBC, packed
red blood cells.

operation could not be statistically correlated to
mortality or morbidity rates.

Twenty-one patients sustained a preoperative
cardiac arrest; 20 died. Twenty-nine patients were
noted to have lost consciousness before operative
intervention, 12 of those patients had a concomitant
cardiac arrest. Twenty-six of these 29 patients died.
Forty-nine patients were acidotic with a pH <7.3 on
arrival at the emergency department; 37 of the 47
patients died. Thirty-four patients were severely
hypotensive on arrival in the operating room, with
systolic blood pressure <80 mm Hg; 30 of the 34
patients died. Thirty-six patients required transfusion
of > 18 units of blood including intraoperative and
postoperative transfusions within 24 hours of oper-
ation (Table IT).

Postoperative complications are listed in Table
III. Twenty-nine patients required reoperation, un-
dergoing a total of 34 additional operative proce-
dures. Nineteen patients underwent laparotomy:
nine for bleeding, four for ischemic bowel, four for
wound dehiscence, two for emergent cholecystec-
tomy, and one for abscess. In four the reason for
reoperation was not clear. Some patients required
intervention for several complications.

The overall mortality rate was 64% (72/113).
Death occurred in an approximately bimodal distri-
bution. Twenty-six deaths (36.1%) occurred during
operation, and an additional 16 (22.2%) occurred
within the first 48 hours after operation. Twelve
patients (10% of total patients) died between 48
hours and 2 weeks, and 18 died more than 2 weeks
after surgery. The mean survival for these patients
who died more than 48 hours after surgery was
24.6 = 22.9 days.

By use of multivariate analysis, early death was
found to be related to coma and preoperative cardiac
arrest (p < 0.01) (Table IV). Presence of acidosis
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Table III. Postoperative characteristics
Characteristic Total Nonsuvvivors  Survivors
Complications
Renal 43 34 9
Respiratory 32 22 10
Cardiac 14 12 2
Neurological 9 7 2
Lower extremity 7 5 2
ischemia
Intestinal 5 3 2
ischemia
Reoperation 29
Laparotomy 19 12 7
Vascular 7 4 3
Tracheostomy/O 7 1 6
tube
Other 1 0 1
ICU Stay 12.1 days 15.5 days 9.5 days
(0-112)
Days on ventilator 8.1 11.8 52
(0-72)

and operative hypotension approached but did not
achieve statistical significance (0.05 < p < 0.1).
Early death was not related to age, gender, previous
surgery, history of cardiac disease, hypertension,
diabetes, or pulmonary or renal disease. Neither the
duration of symptoms nor time to the operating
room could be correlated with mortality rates in this
study. Although transfusion of more than 18 units of
red blood cells was a significant predictor of death by
univariate techniques, its effect was lost in multivari-
ate analysis.

Late deaths, more than 48 hours after operation,
occurred at a mean of 24.6 = 22.9 days. Late death
was not influenced by preoperative cardiac arrest, loss
of consciousness, acidosis, hypotension, excessive
transfusion requirements, age, gender, preexisting
medical conditions, length of stay in the ICU, or
length of time from arrival in the emergency depart-
ment to the operating room. Multivariate analysis
showed that both renal and respiratory failure were
statistically related to late death (p < 0.05). Reop-
eration was significantly associated with late death by
univariate analysis but not by multivariate techniques
(Table V).

By use of logistic regression analysis, overall
hospital deaths were only related to postoperative
renal failure (p < 0.01). Although postoperative
renal failure, cardiac arrest, loss of consciousness,
acidosis, severe intraoperative hypotension, respira-
tory failure, reoperation, and transfusion require-
ments of more than 18 units of red blood cells in 24
hours were significant contributors to death when
considered by univariate analysis, this effect was lost
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Table IV. Multivariate analysis of early death
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Risk fuctor Present no. % Mortality Absent no. % Mortality p value
Cardiac arrest 21 81% 96 26.0% <0.01
Loss of consciousness 29 72% 88 23.8% <0.01
Acidosis (pH < 7.3) 49 53% 65 21.5% <0.1
OR Hypotension (BP < 80) 32 62.5% 83 24.4% <0.1

Table V. Multivariate analysis of late deaths

Risk factor Present no. % Mortality Absent no. % Mortality b value
Reoperation 23 65% 51 29.0% NS*
Respiratory 32 69% 42 19.0% <0.01
Renal 34 75% 40 7.5% <0.01
Arrest 4 75% 71 38.0% NS*
Loss of consciousness 7 71% 65 35.0% NS*
Acidosis 22 55% 51 33.0% NS§*
OR hypotension 12 41.6% 63 39.7% NS§*
Transfusion > 18 units/24 hr 18 50% 56 36.0% N§*

OR, Intraoperative.
*Significance <0.05.

when multivariate techniques were applied (Table
VI). Preoperative renal disease and elevated blood
urea nitrogen or creatinine before operation were
uncommon and could not be associated with post-
operative failure. Hypotension on admission or in the
operating room and acidosis could not be related to
postoperative renal failure. No other patient charac-
teristic could be correlated with postoperative renal
failure (Table VI).

In evaluating data on patients with postoperative
renal failure more closely, oliguric or anuric patients
were found to have an 80% late mortality rate
(30/37), whereas patients with high-output renal
failure had a 66% mortality rate (4/6), and patients
with normal postoperative renal function had a
mortality rate of 10% (5/48). Anuric or oliguric
patients undergoing dialysis had a slightly lower
mortality rate than those not undergoing dialysis
(73% vs 100%).

The need for prolonged ventilatory support (>7
days) was associated with a 69% late mortality rate
(22/32), compared with 34% (18/35) for patients
without postoperative respiratory compromise. Fur-
thermore, 89% of patients who died after more than
2 weeks after operation had respiratory failure.

DISCUSSION

The persistently high mortality rates for patients
admitted with RAAA have been the subject of much
discussion. With the exception of a few series,*!°
mortality rates range from 40% to more than 70% in
most reports. These poor results, in the face of low

mortality rates associated with elective surgery, have
prompted many authors to suggest that the extreme
preoperative derangements seen in some patients
with RAAA makes further improvements in survival
unlikely. Initial hopes that rapid transport might
improve survival were not borne out in a recent study
from Seattle.'! The poor results reported by this
group led them to suggest that some patients should
not be offered operative intervention because of the
low likelihood of survival. Although these statements
may have some appeal in a time of “cost contain-
ment,” we belicve that further data are needed before
such a position can be supported. The ethical
implications of the suggestion by Johansen et al.™ are
troubling to many surgeons and might have pro-
found consequences for patient care, if implemented.
Any acceptance of this thesis is dependent on two
assumptions: (1) that preoperative factors are re-
sponsible for most postoperative deaths, and (2) that
these particular deaths are responsible for a large
portion of the resource consumption associated with
postoperative deaths.

Undoubtedly, the cost of caring for patients with
RAAA is high. Johansen et al.'* found that the
average cost of care for patients with RAAA was
$23,000. Patients dying within 24 hours of operation
averaged $5200; excluding these patients, average
costs were $38,000. Pasch et al.'? found a mean cost
of hospitalization of $18,223 for RAAA in 1980 to
1981, with a mean of $27,144 in patients surviving
more than 24 hours after operation. It is clear that late
deaths account for most of the resource expenditure
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Table VI. Multivariate analysis of overall deaths
Risk factor Present no. Percent of deaths Absent no. Percent of deaths p value
Cardiac arrest 21 95% 96 53% NS§*
Loss of consciousness 29 90% 88 51% N§*
Acidosis pH <7.3 49 76% 69 45% N§*
OR Hypotension 32 78% 83 54% NS>
Transfusion 18 + units 36 75% 79 54% NS§*
Reoperation 23 65% 68 38% NS*
Respiratory failure 32 69% 59 39% NS§*
Renal failure 43 79% 48 10% <0.01

*Significance <0.05.

for RAAA. The question then becomes whether one
can differentiate causes of early and late death after
RAAA, and more specifically, whether the preoper-
ative status predicts late deaths. In reviewing the
literature, we were not able to find data addressing
these questions and, therefore, decided to review our
own experience. We felt that it was imperative to
distinguish between preoperative, intraoperative,
and postoperative influences on early and late deaths.
The correlation of a preoperative factor with late
death would be the only finding that could possibly
justify a policy of routine nonoperative care for a
subgroup of patients. We also examined factors
potentially related to early death in an attempt to
pinpoint areas needing improvement to augment
survival of patients with RAAA. A weakness of many
prior studies of RAAA deaths is the lack of differen-
tiation between early and late deaths and the absence
of correlation of factors separately with regard to
early and late deaths.

We found that 42% of deaths in patients reaching
a hospital with RAAA occurred more than 48 hours
after operation, at a mean of more than 3 weeks. This
is not surprising given data from prior studies.'""?
The implication of these findings is obvious; eco-
nomic savings will be affected only if causes of late
death can be decreased or eliminated. A corollary
position suggests that the “economic cost” of those
dying within 48 hours of operation may be low
enough to justify intervention even in the face of high
mortality rates for these subgroups.

Severe hemodynamic instability before operation
was associated with death. Cardiac arrest, loss of
consciousness, acidosis, and severe operative hy-
potension are all indicators of inadequate organ
system perfusion. Several of these findings have been
noted by other authors to correlate with deaths.*!*>
The significant observation in this study involves the
timing of death. These preoperative factors were
most important in affecting early deaths. Kouchouk-
ous et al.”” found that hypotensive patients died

within 48 hours of operation. We found 58% of
patients to be hypotensive (pressure <100 mm Hg)
on admission, with 26% severely hypotensive (pres-
sure <80 mm Hg). Hypotension on arrival was not
found to be related to either operative, early, or late
deaths. However, severe hypotension on arrival in
the operative suite was associated with an increased
operative mortality rate, but not with any increase in
postoperative deaths. Isolated blood pressure deter-
minants may not be indicative of the actual degree of
shock, as in a study by Morris et al.”® who did not find
any relationship between hypotension and death.
Response to resuscitative efforts may be more
important. Patients who were hypotensive on arrival
in the operating room were less likely to survive,
although this single factor was not significant when
multivariate techniques were used. The effect of
severe hemodynamic instability on late death was
minimized by a relatively small number of patients
with these risk factors surviving the immediate
perioperative period. Although it appears that the
prognosis for patients with arrest and coma is bleak,
this is less true of patients with acidosis and hypoten-
sion, and in no case is death a certainty. The
appropriate treatment of these patients will remain a
cause for debate, but conclusions based on potential
economic impact must take into consideration the
differences between early and late deaths. Our own
prejudice is that most of these individuals are entitled
to emergency operation, since those that survive the
early postoperative period have a chance of survival
no different from the group as a whole.

We were not able to obtain complete data on
clamp time or clamp location in these cases and thus
were unable to determine the effect of these variables
on mortality rates. We evaluated transfusion require-
ments within 24 hours rather than operative blood
loss or intraoperative transfusion because we felt it
would be a more inclusive indicator of perioperative
blood loss. Excessive transfusions within 24 hours
and reoperation for visceral or lower extremity
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ischemia were also associated with an increased
mortality rate by univariate but not multivariate
analysis. Other studies indicate that excessive trans-
fusions or blood loss have a high correlation with
death 1017:20.22.282729 Thege complications may be
associated with technical problems at the time of
operation such as venous injuries, embolization,
prolonged clamp time, and visceral devasculariza-
tion. We would support the contention of Crawford®
and others?3! that intraoperative technical prob-
lems are important factors influencing postoperative
survival. We believe that these problems occur
more frequently than is recognized. It is our belief
that aortic control should be obtained by the most
senior surgeon available, dissection should be mini-
mized, and thromboembolectomy performed as
needed. Proper placement of the aortic clamp (su-
praceliac when necessary), use of a straight graft
when possible, and minimal periaortic dissection
may decrease these complications. The debate over
early operation versus rapid transport to a “vas-
cular center” is not likely to be easily resolved.
However, it seems clear that the operation should
be performed by the most experienced surgeon
available.%%33

Late deaths constituted 42% of our overall deaths
and were related to organ system failure —specifically
renal and respiratory failure. The overriding impor-
tance of these factors was made clear by multivariate
analysis, in which renal failure was found to be the
only predictor for overall deaths. We were unable to
demonstrate any effect of preoperative status on
specific postoperative complications. Late deaths are
costly as far as human, technical, and economic
resources are concerned. Reductions in deaths for
these patients are likely to have the greatest economic
impact. In contrast to some studies'?”*? we were
unable to correlate preoperative renal insufficiency
with postoperative failure. Several studies report
increased mortality rates (70% to 100%) in patients
with postoperative renal failure.'*2%233%3 We found
an 80% mortality rate in oliguric or anuric patients
and a 66% mortality rate in patients with high-output
renal failure. Patients with normal renal function
sustained only a 10% mortality rate in comparison.
Postoperative renal failure was not predicted by any
preoperative characteristic examined. The trend to-
ward improved mortality rates with dialysis suggests
the need to consider a more aggressive approach in
patients with renal dysfunction including earlier
dialysis. The role of early dialysis or continuous
arteriovenous hemofiltration to enable the mainte-
nance of a more desirable hemodynamic situation
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and early nutritional supplementation remains to be
defined by further clinical studies.

Respiratory failure was present in a high percent-
age (89%) of our patients who died late in their
hospital stay. Deaths further increased when both
renal and respiratory failure coexisted. Tillney et al.>
found respiratory failure to be the leading cause of
death after operation in patients with RAAA. Res-
piratory failure was not predicted by preoperative or
intraoperative characteristics examined, including a
history of chronic obstructive pulmonary disease,
smoking, or respiratory disease. Other studies have
also found increased deaths with respiratory fail-
ure-IS,ZO,ZZ

Age has been suggested to be significant by some
authors;'%1#161%27 however, most studies find no
statistical correlation between age and death or
morbidity for ruptured aneurysms.*1317:2503%%7 Age
has been described as a significant risk factor for
elective aneurysm repair in some series.>! Qur review
found no correlation between age and death.

Review of the literature suggests that preopera-
tive hypotension, preoperative cardiac arrest, free
rupture, and preoperative anuria are the most pre-
dictive factors for death with rupture. However, the
relationship of these factors to the timing of deaths is
not well documented. Unlike elective repair, age,
gender, cardiac history, chronic obstructive pulmo-
nary disease, hypertension, and diabetes are not
related to any increase in mortality rates. Time from
admission to surgery was not a factor in mortality
rates in this study although most of our patients were
operated on within 2 hours. The large variation in
duration of symptoms and time from hospital
admission to the operating room suggests that
prompt recognition of the symptomatic aneurysm
remains a problem. For most of the patients in whom
delay occurred, the diagnosis of RAAA was unsus-
pected by the admitting physician. This is discour-
aging and emphasizes the continued need to educate
primary care and emergency physicians about the
importance of this entity in the differential diagnosis
of patients with abdominal or back pain.

Although the mortality rate after RAAA is high,
multiple factors contribute to this. No doubt the
patients’ preoperative status has a strong effect on
outcome, but it appears that intraoperative and
postoperative events may be of equal or greater
importance. Although we can do little to influence
the condition of patients with RAAA before they
reach the hospital, considerable potential exists to
alter intraoperative and postoperative events. Fur-
thermore late deaths that consume the most resources



818 Hurris et al.

in patients with RAAA are not predicted by preop-
erative factors such as hypotension; nor do preexist-
ing medical conditions significantly affect late deaths
in a large series of patients. Late death is associated
with organ system failure. Future efforts should be
directed toward innovative strategies in this area. The
timing of death after RAAA varies widely, and future
reports on RAAA should consider this variable.
Obviously, some patients will die despite maximal
care. However, most of these patients, that is,
patients with cardiac arrest, will die very early in their
hospital course, consuming limited amounts of
resources.

At this time, insufficient data exist to justify
withholding operation from any group of patients
based on economic resources. No factor was 100%
predictive for death in our series.

Expeditious operative intervention with im-
proved operative and postoperative care offers the
best management for these patients. Efforts to
decrease deaths and improve the cost/benefit ratio
will involve the avoidance of technical problems, and
include efforts to improve renal failure, respiratory
failure, and multisystem organ failure.
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DISCUSSION

Dr. Elizabeth Harrington (New York, N.Y.). Dr.
Harris and colleagues have reexamined a topic that has
generated controversy at recent vascular society presenta-
tions. I congratulate her on her analysis of this extensive
operative experience and on the idea that different factors
may contribute to operative early and late deaths after
RAAA.

The stated purpose of this paper is to analyze the causes
of morbidity and death after surgery for ruptured aneurysm
and to determine whether it is justified to withhold
operation based on a patient’s preoperative condition, as
was suggested by Johansen’s group at last year’s ISCVS
meeting. Dr. Harris attempts to demonstrate that most of
the expense that society incurs with unsuccessful treatment
of RAAA is due to late deaths that are not related to
preoperative factors but to operative and postoperative
complications. Since preoperative status cannot predict
which patients will have expensive late deaths, Dr. Harris
concludes that withholding operation for ruptured aneu-
rysm is not ethically justified.

1 agree with Dr. Harris that only rarely should
treatment be withheld because of preoperative factors.
Although Dr. Johansen suggested that no operation for
RAAA be performed in a patient who had a preoperative
cardiac arrest, making the decision to withhold treatment
after this complication more difficult. Dr. Harris’ group
had a survivor after cardiac arrest.

Dr. Harris concludes that expeditious intraoperative
intervention with improved operative and postoperative
care offers the best management for these padents. In this
regard I would like to ask her the following questions. First,
your paper suggests that significant resuscitation was often
given. What do you suggest regarding preoperative resus-
citation? You suggest that the most senior surgeon available
should obtain proximal control of the aorta. Who per-
formed the operations in your series: surgical residents,
vascular fellows, general surgery attendings, vascular at-
tendings? How many different surgeons operated, and did
surgical experience or training appear to influence the
outcome? You state that your findings support the con-
tention that intraoperative technical problems are impor-
tant factors influencing postoperative survival. Can you
state what technical problems occurred in the operating
room? How do you recommend that control on the aorta
be achieved? Finally, you suggest in your paper that early
dialysis may help patents survive postoperative renal
failure. Was there any evidence in your analysis that patients
who had dialysis early did better than others? Do you have
any other ideas on how to reduce deaths from postoperative
renal failure and pulmonary failure?

Dr. Linda Harris. First of all, we do not intention-
ally maintain patients in a hypotensive state before
operation; however, we try to get the patients to the
operating room as expeditiously as possible. More than
50% of our patients were in the operating room within 2
hours of arrival.

We have not specifically tried to examine the protocol
of maintaining the patients’ blood pressure at 50 to 70 mm
Hg before operation, as suggested by Dr. Crawford. It is
certainly possible that making the patient normotensive
may loosen the clot and allow excessive bleeding as he has
suggested.

In our particular series, the attending vascular surgeon
is the person to obtain control of the aorta. We are a
teaching institution, however, and the surgery itself is a
combined effort of the senior surgical resident and the
attending vascular surgeon. We did not look specifically at
technical problems that occurred, but they would include
venous injuries from dissection around the aorta, and delay
to obtaining control of the aorta.

With regard to dialysis, we found that patients who
were oliguric or anuric had only a 75% mortality rate when
on dialysis, versus a 100% mortality rate for those not on
dialysis. We did not examine early dialysis. Most patients in
our series had dialysis beginning at 5 to 7 days after
operation. Early recognition of renal failure might enable
better survival for these patients. Most were maintained on
routine dialysis and not continuous, which again, might
provide a better hemodynamic environment and improve
survival. These are all areas for future investigation.

Dr. Wiley Barker (Los Angeles, Calif.). Almost 30
years ago Jack Cannon, Joe Van DeWater, and I reported
a series of 100 aneurysms, and our results were terrible.
Sixty-five percent of our patients at that point were
operated on electively, 35% came in ruptured, and I believe
we had a 13% mortality rate in the patients with
unruptured aneurysms, and approximately two thirds of
the patients with ruptured aneurysms died. We thought we
really were fighting a bad uphill battle operating on
ruptured aneurysms, and we more or less adopted the
policy that Dr. DeBakey has preached, in spite of some
negative comments from Southern California from Dr,
Berstein and his group, and chose to operate on almost
every aneurysm we saw. The concept was that the aneurysm
never gets smaller and is never less likely to rupture and the
patient never gets younger.

And as we followed this in a couple of successive series
of 100 patients —the last time I looked this up, we were
operating on 91% of our patients in the overall spectrum
of aneurysms as elective aneurysms—and by operating
electively under the best circumstances possible, we were
down to a mortality rate of between 2% and 3%. And the
9% ruptured aneurysms that we still dealt with were that
group that you indicated who had been turned down —for
instance, we have right now a very well-known senior
surgeon of 99 years of age who has a 10 cm aneurysm and
we are not about to operate on him. But that 9%
constituted the patients who were very bad risks or the
patients who really had not been identified before. And we
now still lose approximately 55% or 60% of them, which
boils down to the fact that now instead of losing what we
had before, which was about 25 or 30 patients out of 100,
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we are losing 6 or 7 out of the 100 out of the overall
spectrum.

1 think your points are very well made. It is nice to have
an experienced hand around, but sometimes you cannot
wait for that experienced hand.

Dr. Harris. Despite the fact that the absolute number
of elective aneurysms repaired has increased, community-
wide studies have shown that the actual number of
ruptured aneurysms has not been decreased. This may be
due, in part, to the increasing age of the population.
Obviously, we still advocate elective repair whenever an
aneurysm is recognized and the patient is a suitable
candidate for surgery.

Dr. Jesse Blumenthal (New York, N.Y.). I have a
comment and a couple of questions. First of all, many of us
who review malpractice cases for our own company have
always scen problems when there appears a 1-hour delay in
treatment. These people are very litigious, and the $5000
spent in trying to treat that patient is a lot less than the
amount it takes to defend the surgeon under some of those
circumstances, because under the current statutes, if a
patient is denied any attempt at salvage, this is almost
tantamount to a malpractice suit. So I think it is certainly
the rare patient who should not be treated.

Now, in your figures you first said that there were 130
patients considered and 117 reviewed. Did any of those not
undergo operation, or just why were those not included?
Do you have any data on the delay in diagnosis in the
emergency department?

Is there any effort at intraoperative autotransfusion in
your series, and have you noticed any influence on that?
Over the years of this study have you seen earlier dialysis
having any effect? Certainly I think people who remember
ruptured aneurysms 10 or 15 years ago, remember that the
patients all died of renal failure. We have put patients on
dialysis within 24 or 48 hours, and I think those are the
ones that we have saved.

Dr. Harris. One hundred thirty patients did seek
treatment, and 13 were not operated on because of patient
or family refusal, and were, therefore, excluded from
analysis. One of those patients had a carcinoma, and two
were in their 90s.

Second, a delay in diagnosis occurred in six patients.
These patients did not have a significantly different deaths
than patients who were operated on promptly. This may be
due to this subset of patients being more hemodynamically
stable; this may also be a factor in the missed diagnosis. In
other studies looking at delays and time to operation, what
appears surprising to many is that patients operated on later
do not have a higher mortality rate than those operated
carly. Usually misdiagnosis is attributed to cardiac or renal
causes.
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We do use autotransfusion, and we have not examined
its influence on deaths.

We are trying to initiate earlier dialysis. We did not
particularly study how rapidly dialysis was performed over
the time span of the study. We are beginning to use dialysis
more liberally than we had in the past, but are somewhat
limited by our colleagues in renal. What impact that will
have on death remains to be seen.

Dr. Ian Samson (Lakewood, N.J.). I am a little
troubled by your conclusion that preoperative hypotension
is not responsible for late death. Certainly preoperative
hypotension is responsible for renal failure, which obvi-
ously is a cause for late death. I wonder if you would
comment on that, please.

Dr. Harris. In our study we were not able to correlate
preoperative hypotension with renal failure. Intuitively, it
seems to be related, but statistically, it could not be
correlated. We were also unable to correlate other preop-
erative factors such as acidosis and loss of consciousness
with postoperative complications.

Dr. John Ricotta. We were concerned about what Dr.
Johansen implied, that is: if we can figure out the patients
that are predestined to die, we will not operate on them and
our mortality rate will go down. That is a little bit
disturbing. I think that we have shown, as have others, that
many of these people die late, and the ones that are
predestined, if you will, all die early. The reason we could
not find a correlation of hypotension with overall death is
that people with hypotension died early and were not
around to die late. We found that there were a lot of late
deaths in people who had more than 18 units of blood
transfused. Now, we are assuming that when you have
more than 18 units of blood transfused there has been a
technical problem. I think that generally is the case. Also
when they are reoperated on for distal ischemia, vascutar
ischemia, or intestinal ischemia, it usually means that
something has been thrown distally. So that is the
assumption that we have made.

Because this is a retrospective study, we have not been
able to change our activity to date, but I think we would
agree that certainly we have to look at not only getting the
patients to the operating room quickly, but also examine
the way we take care of them in the operating room and the
way we take care of them afterwards. We are trying to push
our nephrologists to put them on dialysis early. It is very
hard for us to get early dialysis from our nephrologists. It
takes usually about 3 or 4 days of medical management
before we can get the dialysis started.

1 think the point of the paper was that there is still a lot
we can do to reduce the number of deaths that we have
control over, and we need to start to focus on that rather
than trying to exclude patients from operation.



